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Some individuals with dementia experience unexplained periods of improved cognition 
in response to music. We examined the effects of music tempo and familiarity on a 
cognitively demanding task to replicate this improvement. We had 37 healthy older adults 
(21 females, mean age 67.5, SD = 5.49) complete a divergent thinking task before and 
after listening to a 25-minute personalized playlist. Playlists contained music that was 
either familiar or unfamiliar and either fast or slow. We expected participants in the 
familiar and fast conditions to score significantly better on the task after listening than 
those in the unfamiliar and slow conditions, respectively, but improvement would be 
significantly larger in the familiar than fast conditions. We found no significant effects of 
tempo or familiarity on pre- vs. post-test scores. This study may have been 
underpowered, and further data collection is indicated to understand what music should 
be used therapeutically in dementia. 
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Summary for Lay Audience 
 
Individuals with dementia may lose their ability to think over time. Paradoxically lucidity 
happens when people with dementia experience a sudden unexplained improvement in 
thinking; it may be triggered by music. We studied different components of music – speed 
and familiarity – to understand why it can bring on paradoxical lucidity. We tested a group 
of 37 healthy Canadian older adults aged 61 and 79 by giving them a difficult cognitive 
task before and after listening to music. The music they listened to was either fast or slow, 
and either familiar or unfamiliar. We expected that participants who listened to familiar 
and fast music would show a significant improvement in their scores after listening, 
although we expected a greater improvement in those listening to familiar versus fast 
music. We found no significant differences amongst participants, maybe because we had 
too few participants enrolled in the study. Finding these differences in the future would 








This thesis was a truly collaborative effort, and I am grateful to everyone who 
provided support, encouragement, and snacks along the way. Even in the face of unusual 
challenges, I was lucky to be surrounded by a community (academic and otherwise) who 
helped me make it to the finish line.  
 I would like to start by thanking my supervisors, Dr. Ingrid Johnsrude and Dr. 
Jessica Grahn. From my first day, I felt welcomed into your labs. Thank you for your 
gracious support, your guidance, your mentorship, and your kindness. I am so grateful for 
the opportunity to learn from you both. It made every difference to have you in my 
corner, especially as a woman in science: I could not have asked for better role models. It 
was wonderful to get to be part of your academic circles – and to hang out with Jackson! 
Thank you for going above and beyond every single time.  
I would also like to thank my advisory committee: Dr. Brian Corneil, Dr. Jonathan 
De Souza, Dr. Derek Mitchell, Dr. Stefan Köhler, and honourary member Dr. Andrew 
Goldman. Thank you for guiding my research, and for steering me away from pitfalls. 
Your support was invaluable. To my examiners, Dr. Paul Gribble, Dr. Köhler, Dr. Blake 
Butler, and Dr. Michael Anderson – thank you for your feedback, and your suggestions 
on how to improve my project. Thanks also to the members of the UWO Brain and Mind 
Institute and Neuroscience Department who made such a difference: to Denise Soanes, 
for always keeping me on track and answering all my questions; to Susan Simpson, for 
being so friendly and helpful, and to Lara Staecker, for your thoroughness in organizing 
my defence. Thank you all for making this possible.  
This project would not have been possible without the time, effort, and labour of 
my wonderful research assistants, Sean Yilmaz, Christina Papaioannou, and Radhika 
Thakkar. Thank you so much for all the work you put into our research – I am grateful to 
each one of you for going above and beyond every time. Best of luck in your futures! 
Thank you to Dr. Daniel Schacter and the Schacter lab at Harvard for providing 
part of the theoretical backbone of this project, and for your support and helpful feedback 
throughout the process. Thanks especially to Dr. Kevin Madore for your help in setting 





To the Grahn and CoNCH labs, thank you for making me feel like a real scientist, 
for interesting conversations, helpful critiques, and ongoing fellowship. Special thanks to 
Chantal Rochon for being the best almost-running buddy a gal could ask for (and also for 
being an administrator extraordinaire), to Sonia Varma for helping me keep afloat in the 
Johnsrude squad, to Josh Hoddinott for your help with the analyses, and to Joseph Rovetti 
for car chats about equivalency testing. I definitely could not have finished this project 
without all of you. Thank you as well to Madison Tutton – I am so glad we started this 
journey together, and that I had someone who understood! 
Lastly, I would like to thank my family and friends who kept me (mostly) sane 
over the course of this process. To Shelley Robertson – thank you so much for your 
stellar editing. I am deeply grateful such a top-notch editor agreed to improve my work. 
Love you lots! Thank you to my grandparents, Arlene and Sam Klapman, for your 
constant and unwavering faith in me. You had confidence in this project when I lost my 
own. She believed she could! Thank you to my Bonnet Squad – Tierra Stokes, Lydia 
Coulombe, and Linnea Bell, for reminding me I am a person as well as a researcher. I 
adore you all! An enormous thank you to Hannah Lindsey Patricia Mackellar, my person: 
you tried to talk me out of this degree, and you were right, and then you supported me all 
the way through, and you were right again. Not sure how you do that. Finally, thank you 
to my brother, Daniel Klapman, and to my parents, Jordan Klapman and Elizabeth 






Table Of Contents 
Abstract…………………………………………………………….………………...……ii 
Keywords………………………………………………………………………………….ii 
Summary for Lay Audience……………..……………………………………………….iii 
Acknowledgements…………………………………………………………………….....iv 
Table of Contents……………………………………………………………………..…..vi 
List of Tables………………………………………………………………………..…..viii 
List of Figures……………………………………………………………………………ix 
Chapter 1…………………………………………………………………………………..1 
1 General Introduction…………………………………………………………....... 1 
1.1 Aging in Canada…………………………………………….……...…..... 1 
1.2 Alzheimer’s Disease and Older Adults……………….………………….. 2  
1.3 Paradoxical Lucidity…………………………………………..…………. 4 
1.4 Summary and Hypotheses……………………………………………….. 8 
Chapter 2…………………………………………………………………………………10  
2 Methods..………………………………………………………………………... 10 
 2.1 Participants and Setting…………………………………………………. 10 
2.2 Ethics Approval and Informed Consent………………………………….10 
2.3 Procedure……………………………………………………...…………11 
2.4 Measures of Cognitive Effort…………………………………………….15 
2.5 Scoring………………………………………………………...…………16 










 Appendix A – Prescreening Survey………………………………………….......33 
 Appendix B – Telephone Interview for Cognitive Status…………………….….40 
 Appendix C – Testing Survey (AUT)……………………………………………43 
 Appendix D – Testing Survey (OAT)…………………………………..………..70 
 Appendix E – Sample Personalized Playlists……………………………………97 
 
 Appendix F – Ethics Approval…………………………………………………100 
 









List of Tables 
 
 
Table 1: Mean difference z scores for AUT subscores and OAT score by group ………. 23 
 
Table 2: Mean difference scores for AUT fluency subscore by group ………………… 23 
 







List of Figures 
 
Figure 1: Outline of participant study conditions with condition names in bold …...… 12 
 
Figure 2: Study protocol: participants were prescreened for eligibility before completing 
two testing sessions approximately one week apart ………………………………………… 13 
 
Figure 3: Effects of tempo and familiarity on AUT flexibility. All results n.s. ...….……. 23 
 
Figure 4: Effects of tempo and familiarity on AUT fluency. All results n.s. …...……….. 23 
 






Chapter 1  
1 General Introduction 
In this thesis, I will explore the impact of music listening on cognitive performance in 
healthy older adults, in order to understand why music may elicit unexpected moments of 
lucidity in people with dementia. In the introduction, I will first outline the reasons this 
research is necessary – that Canadians are aging, and that chronic illnesses like dementia 
are on the rise. I will then briefly review the pathology and symptoms of Alzheimer’s 
disease, the most common cause of dementia, before examining the research suggesting 
that engaging with music may positively impact people with dementia. Next, I will 
examine the limited literature on paradoxical lucidity, a phenomenon in dementia, and its 
relationship to music. Because there is poor understanding of why paradoxical lucidity 
occurs in some people when listening to music, the purpose of this study is to understand 
whether specific components of music (familiarity and tempo) elicit cognitive arousal 
that could lead to paradoxical lucidity. Finally, I will summarize the state of the research 
around music and paradoxical lucidity, and present the hypotheses for my study. 
 
1.1 Aging In Canada 
Canada’s population is aging. The proportion of citizens aged 65 and over — called 
seniors or older adults (OAs) — is expected to increase 68% from 2017 to 2037, from 6.2 
million to 10.4 million (Canadian Institute for Health Information, 2017). By the 2030s, 
about one in four Canadians will be 65 or older (Jackson, Clemens, & Palacios, 2017). 
More Canadians are living to age 65 than ever before: in 2011, the average lifespan was 
81.7 years, compared with 57.1 in 1921 (Decady & Greenberg, 2014). According to the 
2011 Census, almost three in 10 Canadians were over 65, and centenarians were one of 
the two fastest-growing age groups in Canada (Decady & Greenberg, 2014). Whether 
they are 65 or more than 100 years old, OAs in Canada represent a swiftly growing 








Increased Likelihood Of Chronic Disease 
However, while older adults are living longer, their rate of illness is increasing. As people 
age, they are more susceptible and likely to develop chronic illnesses, disorders to be 
lived with instead of cured. Chronic illnesses are on the rise across Canada: according to 
a 2010 report by the Canadian Senate, about 70% of older adults have multiple chronic 
conditions, complicating their care (Carstairs, 2010).  
 
One category of chronic illness includes what are collectively referred to as neurological 
disorders, or diseases affecting the brain. These disorders fall into two broad classes — 
neurologic conditions, such as epilepsy and multiple sclerosis, and mental disorders, such 
as depression and anxiety (Gaskin, Gomes, Darshan, & Krewski, 2016). The likelihood of 
developing a chronic neurological disorder increases with age (Wolfson et al., 2018).  
 
Dementia 
One highly prevalent neurological disorder is dementia, a condition characterized by 
impaired cognition and brain atrophy (Dening & Sandilyan, 2015). Dementia is a major 
focus of this thesis. The condition may result from a vascular injury or disorder or from a 
neurodegenerative disease (Public Health Agency of Canada, 2019). Nine older adults are 
diagnosed with dementia every hour in Canada (Public Health Agency of Canada, 2019).  
 
Symptoms of dementia may include short-term memory loss and challenges finding 
words; eventually, individuals with dementia may experience systematic language 
deficits and extensive memory failure (Dening & Sandilyan, 2015). Other symptoms 
include challenges in controlling behaviour, lack of motivation, and inability to manage 
emotions (Dening & Sandilyan, 2015). Individuals with dementia eventually lose their 
independence and ability to complete even simple daily tasks (World Health 
Organization, 2018).   
 
1.2 Alzheimer’s Disease and Older Adults 
The most common cause of dementia is Alzheimer’s disease (AD), a neurodegenerative 





cognitive processes (Alzheimer’s Association, 2016). Later in the disease’s progression, 
individuals may develop physical impairments, such as the inability to swallow or walk, 
that greatly reduce their quality of life before the disease ultimately proves fatal 
(Alzheimer’s Association, 2013). While the cause of AD is still debated, it is likely that 
beta amyloid plaques and neurofibrillary tangles (NFTs) build up in brain neurons and 
impair normal functioning, leading to neuronal death in those areas affected (Morrison & 
Hof, 1997). Together with neuronal and synaptic loss, inflammation and cerebral atrophy 
(Alzheimer’s Association, 2019), NFTs and plaques are two of the hallmarks of AD 
symptomology (Takahashi, Nagao, & Gouras, 2017). 
 
Music as Treatment for Alzheimer’s Disease 
Alzheimer’s disease is treated primarily with drug therapies: Canadians can be prescribed 
donepizil, rivastigmine, or galantamine, all cholinesterase inhibitors, or memantine, an 
NMDA receptor agonist (Canadian Institute for Health Information, 2018). However, 
these drugs do not offer cures. Instead, they are used to reduce symptoms for a limited 
period, with varied effectiveness (Alzheimer’s Association, 2019).  
 
In addition to pharmacological treatments, people with dementia may benefit from so-
called “non-traditional therapies” to maintain their cognitive and physical abilities and 
reduce behavioural symptoms (Alzheimer’s Association, 2019). One of these is music – 
whether in formal music therapy, by listening to, or playing music. Memory enhancement 
is arguably the most-documented cognitive improvement linked to engaging with music. 
Challenges with memory encoding and retrieval are highly impaired in AD, meaning that 
any enhancement can have important effects on individuals’ quality of life (Ferreri et al., 
2014). Specifically, many studies have found an improvement in the recall of 
autobiographical memories, self-referential memories of our experiences that form our 
personal history and give us purpose (Fivush & Haden, 2011). In 2001, Foster and 
Valentine found that individuals with mild-moderate and moderate dementia 
demonstrated improved autobiographical memory recall when listening to music. Again, 
the authors credited this improvement to music’s arousing nature facilitating cognition 





similar effects of music in AD: Irish et al. (2006) found that listening to music resulted in 
better autobiographical memory recall than did listening to silence, with the added benefit 
of reducing participant anxiety. Music’s emotional effect may play a role in this 
improvement: both happy and sad music improve autobiographical memory in AD, while 
sad music is best for recalling remote memories (Meilán García et al., 2012). 
 
Listening to familiar music may help maintain a sense of self in people with dementia 
(Arroyo-Anlló, Díaz, & Gil, 2013). It may be that music helps to stimulate the cortical 
midline structures and help regulate the default mode network, both essential in 
autobiographical memory and self-referential processing (Weiler, Northoff, Damasceno, 
& Balthazar, 2016). In addition, engagement with music is physical, emotional, personal, 
and social, interacting with different components of the self (Baird & Thompson, 2018).  
 
All in all, music helps individuals with dementia regain and maintain their sense of self. 
The most dramatic example of this phenomenon is paradoxical lucidity — when the self 
disappears seemingly forever, only to reappear with music.  
 
1.3 Paradoxical Lucidity 
The traditional model of AD and dementia is one of neurodegeneration: damage is 
progressive and permanent (Filley, 1995). As the pathology proceeds, individuals with 
dementia experience some or all of the symptoms discussed above. In traditional models 
of dementia, the damage is irreversible and the symptoms are inevitable.  
 
However, some individuals with Alzheimer’s disease experience unexplained episodes of 
lucidity, in which they are able to connect with those around them (Mashour et al., 2019). 
These episodes are generally brief, but they nonetheless challenge the idea that, once AD 
damages the brain, there is no chance of healing or normal functioning (Mashour et al., 
2019). Mashour and colleagues define paradoxical lucidity as “an episode of unexpected, 
spontaneous, meaningful, and relevant communication or connectedness in a patient who 
is assumed to have permanently lost the capacity for coherent verbal or behavioural 





al., 2019, p. 1107). In other words, people whose dementia has taken them out of reality 
come back into it and are able to reconnect with the people around them. 
 
The paradoxical lucidity (PL) literature is sparse. Most of what is known comes from 
studies of terminal lucidity — moments when patients regain consciousness right before 
death — but, while the phenomena are similar, the parallel is imperfect (Mashour et al., 
2019). It is possible that PL is not uncommon, just understudied. Episodes of sudden and 
inexplicable lucidity in dementia patients have been recorded since before 1800 (Nahm & 
Greyson, 2009). 
 
Music May Elicit Paradoxical Lucidity 
If the literature on paradoxical lucidity is sparse, the literature on music and PL is 
functionally non-existent. Most is anecdotal: for instance, in 2007, Licensed Practical 
Nurse Jane Stringfellow recounted the moving story of Lieutenant Commander Ford, a 
long-term care resident with Alzheimer’s disease who seemed to return to himself long 
enough to waltz through a classic Frank Sinatra song (Hayden, 2007). Likewise, the 2014 
documentary Alive Inside features memorable scenes of individuals with advanced 
dementia and AD who come alive as they listen to their favourite music (Rossato-Bennet, 
2014). Famed neurologist and medical author Oliver Sacks wrote about music, and 
specifically about its capacity to bring individuals back to themselves, in his 2007 book 
Musicophilia. In the final chapter, “Music and Identity: Dementia and Music Therapy,” 
he writes compassionately of many patients who lose themselves to dementia, only to 
find themselves — and their family members — for a brief time through music.  
 
Cognitive Arousal as a Potential Mechanism for Paradoxical Lucidity 
While paradoxical lucidity can be elicited by music, there is no literature on how or why 
this relationship occurs. One plausible mechanism by which music may produce 
paradoxical lucidity is through increasing cognitive arousal. “Arousal” in general refers 
to a physiological state of increased response to sensory stimuli, and increased motor 
activity and emotional reactivity (Pfaff, Ribeiro, Matthews, & Kow, 2008). Arousal is a 





in response to stress (Kozlowska, Walker, McLean, & Carrive, 2015), but it has other 
adaptive functions, including a positive effect on cognition. 
 
Cognitive arousal is a process of “mental sharpening” by which additional neural 
resources (networks, neural regions, synaptic connections, etc.) are activated to increase 
the attention paid to a stimulus (Critchley, Eccles, & Garfinkel, 2013, p. 59). Cognitive 
arousal puts more of the brain to work for a specific task, increasing the level of mental 
effort to improve processing (Bottiroli et al., 2014). It is possible that increasing cognitive 
arousal – revving the brain’s engine, so to speak – frees up these neural resources so they 
can be devoted in a more focused way to the cognitive task at hand. Cognitive arousal is 
closely tied with cognitive effort, the amount we can engage with demanding mental 
tasks: we can engage more with these tasks when we have the available resources to do 
so (Westbrook & Braver, 2015).  
 
Music is Cognitively Arousing: Tempo and Familiarity 
Listening to music has been shown to increase cognitive arousal (Thompson, 
Schellenberg, & Husain, 2001). However, it is not clear what component of the music is 
arousing. It may be that music’s tempo, or speed, is what arouses the listener’s autonomic 
nervous system. Rumours of the Mozart Effect were highly exaggerated: in the 1990s, 
misinterpretation of a one-page letter to the editor of Nature (Rauscher, Shaw, & Ky, 
1993) caused widespread popular belief that listening to Mozart made people smarter. 
However, within ten years it was clear that improved test scores after listening to music 
were actually the product of increased cognitive arousal (Schellenberg, 2005). Fast music 
has been shown to be more cognitively arousing than slow music (Husain, Thompson, & 
Schellenberg, 2002). 
 
It is also possible that the listener’s familiarity with a piece of music increases their level 
of cognitive arousal. Familiar music has been shown to increase levels of cognitive 
arousal, as measured by pupillometry (Jagiello, Pomper, Yoneya, Zhao, & Chait, 2019). 
Specific increases in activity were seen in the dorsolateral prefrontal cortex in response to 





& Rakowski, 2007a), resulting in activity in the ventromedial prefrontal cortex, posterior 
cingulate, and right medial temporal lobe (Ford, Addis, & Giovanello, 2011). Listening to 
familiar music results in retrieval of episodic memories, a cognitively arousing process. 
Familiar music may also be arousing because of its emotional impact on the listener: 
familiar music can elicit strong emotions, leading to high levels of cognitive arousal 
(Blood & Zatorre, 2001; Salimpoor, Benovoy, Longo, Cooperstock, & Zatorre, 2009). 
 
As a result, music listening may produce this cognitive sharpening in individuals with 
dementia, resulting in periods of paradoxical lucidity. By manipulating arousal through 
music in healthy volunteers, we may be able to assess whether music can induce 
cognitive arousal consistent with its effects on dementia patients. 
 
Measuring Paradoxical Lucidity 
Since there is no existing literature on the mechanism underlying music’s ability to elicit 
paradoxical lucidity, we must look to studies examining other ways of sparking cognitive 
arousal. One way is to place high cognitive demand on participants. Divergent thinking is 
the process of generating novel ideas from multiple dissimilar sources of information 
using fluency and originality (Madore et al., 2016), and requires maximal cognitive effort 
(Weiss et al., 2021). For the purposes of this thesis, divergent thinking will serve as a 
proxy for the cognitive arousal that may underlie paradoxical lucidity.  
 
Schacter and colleagues developed a method to elicit divergent thinking, called episodic 
specificity induction, based on forensic interview protocols to enhance witnesses’ recall 
of a crime (Madore, Gaesser, & Schacter, 2014; Madore, Addis, & Schacter, 2015). The 
induction required participants to experience a stimulus (video or photograph) and then 
recall as many details about the stimulus as possible: completing the induction caused 
participants to score better on a task of divergent thinking (Madore, Jing, & Schacter, 
2016). The improved scores likely happened because recalling these details requires 
episodic memory, a neurocognitive system for recalling past events (Tulving, 2002) that 
engages multiple brain networks and may require high levels of cognitive effort (Kim, 





increase cognitive arousal, leading to improved divergent thinking scores (Madore, 
Thakral, Beaty, Addis, & Schacter, 2019). Madore and colleagues (Madore et al., 2016) 
used the Alternate Uses Task (AUT) as their measure of divergent thinking. They use the 
Object Association Task (OAT) as their control measure, since it requires very little 
divergent thinking. I have opted to follow their example in using these two tasks for my 
study. 
 
Music may be considered a kind of naturalistic episodic specificity induction: listening to 
a piece of music, especially one that is familiar, causes the listener to recall associated 
episodic memories (Janata, Tomic, & Rakowski, 2007b). Spontaneously recalling these 
memories in response to music may thus increase their capacity to think divergently, 
meaning that they are capable of improved cognition. 
 
1.4 Summary and Hypotheses 
As Canada’s population ages, rates of chronic illness are on the rise. Dementia, and 
specifically dementia caused by Alzheimer’s disease, is a fatal chronic illness with no 
current cure. Music may provide some respite from symptoms; most dramatically, it may 
elicit paradoxical lucidity, when for a brief time people in advanced stages of dementia 
can suddenly and unexpectedly communicate and connect again. There is no current 
literature explaining why music is able to elicit paradoxical lucidity. Perhaps listening to 
music results in high levels of cognitive arousal that provide sufficient innervation for 
damaged neuronal connections to fire, resulting in higher-than-baseline levels of neural 
activity. If so, it would be useful to know what element or elements of music are most 
cognitively arousing (directing the most neural resources to the given problem) so that 
researchers and clinicals can use music most effectively when trying to elicit paradoxical 
lucidity.  
 
Perhaps familiar music is most cognitively arousing, since familiar music is tied to both 
autobiographical memory and emotional responses, resulting in high levels of cerebral 
activation (Pereira et al., 2011). Alternatively, the tempo of the music may be most 





tempo/slow music (Husain et al., 2002). As familiarity and tempo are both possible 
reasons for music’s ability to increase cognitive arousal – a potential mechanism for 
paradoxical lucidity – I examined the relative impact of familiarity and tempo on 
cognitive performance in older adults. Determining which of these elements most 
increases cognitive performance could allow researchers and clinicians to choose the 
most effective music when trying to elicit paradoxical lucidity in individuals with 
dementia. 
 
I hypothesize that both familiar music and fast music enhance cognitive arousal, with 
familiar music having a greater effect. To test my hypotheses, I will manipulate musical 
familiarity and tempo to examine their effects on divergent thinking. 
 
 My predictions are: 
 
1. Familiar music will increase post- vs. pre-listening scores on the AUT 
significantly more than unfamiliar music.  
2. Fast music will increase post- vs. pre-listening scores on the AUT significantly 
more than slow music.  
3. Familiar music will increase post- vs. pre-listening scores on the AUT 
significantly more than fast music. 
4. Neither familiarity nor tempo will have a significant effect on post- vs. pre-







Chapter 2  
2 Methods 
2.1 Participants and Setting 
A total of 37 participants completed testing (21 females, 16 males). Participants ranged in 
age from 61 to 79 years old (M = 67.5, SD = 5.49). All participants had received 12 or 
more years of formal education. 
 
Participants were recruited via email, the Western Brain and Mind Institute website, 
OurBrainsCAN: University of Western Ontario’s Cognitive Neuroscience Research 
Registry (REB 111944), and social media posts. Participants were compensated at a rate 
of $10 per hour, up to a total of $40. No other incentives were provided. Procedures were 
approved by Western’s Non-Medical Research Ethics Board. 
 
We intended to have an even number of musicians and non-musicians participate: 
musician status was determined based on whether participants had received six or more 
years of formal training, per Zhang and colleagues (2020). We had disproportionately 
more musicians than non-musicians enroll, so six musician participants agreed to remain 
on a waitlist. As a result, 37 participants completed testing (20 musicians, 17 non-
musicians). The study was conducted entirely online. 
 
2.2 Ethics Approval and Informed Consent 
This study was approved by the Western Non-Medical Research Ethics Board (NMREB, 
Study ID: 115071). All participants gave informed consent after receiving detailed 
information about the study’s purpose, protocol, potential risks, and confidentiality. 
Participants were informed that they could withdraw from the study at any time without 
penalty, and that they could request to have their data removed from our records and 
analyses at any point until past the submission of this thesis document or successful 








The procedures for this study were administered entirely online, and participants used 
their own home computers or headphones for audio. iPads and other tablets were not used 
as it was not possible to log into the surveys on any device but a personal computer. 
Participants completed three online surveys over the course of the study. The first 
prescreening study was designed to assess eligibility, as well as to collect information 
about musical preference and listening history in order to build personalized playlists. If 
eligible, participants then progressed to the testing surveys, which consisted of a pre-
listening cognitive task, listening to their roughly 25-minute-long personalized playlist, 
and then completing the post-listening cognitive task. The pre- and post-listening 
cognitive tasks were two versions of the same task (both Alternate Uses Tasks or both 
Object Association Tasks, depending on the session). The two testing sessions were 
spaced approximately one week apart to avoid learning confounds. Participant conditions 
are listed in Figure 1, and the study protocol is presented in Figure 2.  
 
 
Figure 1. Outline of participant study conditions. Each participant took part in only one 






Figure 2. Study protocol: participants were prescreened for eligibility before completing 
two testing sessions approximately one week apart. 
 
Prescreening 
Eligibility prescreening consisted of two steps. 
 
Prescreening materials 
Participants completed an online survey to screen them for testing eligibility. All surveys 




Participants were asked questions about their relationship with music, demographic 
information, information about their hearing, and for a list of 10-15 preferred songs from 
when they were 10-30 years old. This age range includes the reminiscence bump, a life 
period in which memories are richly encoded (Rubin, Wetzler, & Nebes, 1986). 
Participants were also asked their preferred musical eras, genres, and artists. Eligible 
participants met the following criteria: 60 years old or older, living in Canada, English-
speaking, interested in music, enjoyed music, music was important to them between the 
ages of 10 and 30, no hearing loss below 25 dB in their dominant ear, and no diagnosis of 
mild cognitive impairment or dementia. The survey included five questions from the 





screen for self-reported hearing loss. This survey was expected to take between 15 and 30 
minutes, but as it was delivered virtually, there was no time limit. A copy of the 
prescreening survey can be found in Appendix A. 
 
Dementia/mild cognitive impairment screening: participants completed the Telephone 
Interview for Cognitive Status (TICS) (Brandt, Spencer, & Folstein, 1988) either over the 
phone or on Zoom (Zoom Video Communications Inc, 2021). Participants who scored 33 
or above (“unimpaired”) were eligible to move on to the testing stage. Participants below 
this threshold were ineligible, as their results suggested mild cognitive impairment or 
dementia. A copy of the TICS marking document can be found in Appendix B. 
 
Seventy-one participants completed the prescreening survey, and 67 of those participants 
also completed the TICS screening. After completing the two prescreening measures, a 
total of 53 participants were eligible for testing. However, because of the disproportionate 
number of musicians vs. non-musicians who enrolled, six musician participants agreed to 
be put on a waiting list, bringing the number of participants to 47. 
 
Testing 
Conditions: participants were randomly assigned to one of four conditions, based on the 
tempo and familiarity of the music they would listen to: Familiar Fast (FF), Familiar 
Slow (FS), Unfamiliar Fast (UF), and Unfamiliar Slow (US). We intended to have ten 
participants per group. However, of the 47 participants who began testing, three left 
before completing any testing, one did not complete the first survey, and six did not 
complete the second survey, leaving 37 participants to complete testing. Of the 
participants we excluded, three were musicians who left before we had established a 
waitlist, and seven were non-musicians. Copies of the two versions of the testing survey 
can be found in Appendices C and D. 
 
Music 
Each participant was assigned a personalized playlist based on their condition. Their 





30 (their reminiscence bump). Based on their responses to questions about preferred 
musical eras, genres, and artists in the prescreening survey, participants were assigned a 
25-minute playlist (given the variability in song length, all playlists were between 24 and 
26 minutes). Songs were chosen to be under four minutes long (no longer than 4:10, no 
shorter than 1:30) for the sake of providing a variety of pieces, and purchased from the 
iTunes store (Apple, Cupertino, CA). Three sample playlists can be found in Appendix E. 
 
Tempo 
Participants in the Familiar Fast (FF) or Unfamiliar Fast (UF) conditions were assigned 
fast music at or over 120 beats per minute, while those in Familiar Slow (FS) or 
Unfamiliar Slow (US) were assigned slow music at or under 76 beats per minute (per Liu 




Participants in the Familiar Fast (FF) and Familiar Slow (FS) conditions were assigned 
songs that they reported having listened to during their reminiscence bump. If a 
participant did not provide a sufficient number of songs, or if the songs provided did not 
fit the appropriate criteria for length or tempo, songs were assigned to the participant’s 
playlist. Songs were assigned based on their similarity to the songs provided by the 
participant, including their preferred artist, genre, and era, as long as the songs had been 
released during the participant’s reminiscence bump. Songs for preferred artists were 
taken from Apple Music’s self-generated “Greatest Hits” playlists for those artists, or 
their “Greatest Hits” album(s). 
 
Participants in the Unfamiliar Fast (UF) and Unfamiliar Slow (US) conditions were 
assigned music that was dissimilar in artist, genre, and era to the songs they had provided 
in the prescreening survey. These assigned songs were taken from other participants’ 







2.4 Measures of Cognitive Effort 
As shown in Figure 2, participants listened to their playlist twice. In each session, they 
completed a cognitive task before and after listening. It is worth noting that we used these 
tasks to measure divergent thinking, and by extension cognitive effort, rather than 
directly measuring paradoxical lucidity. Studying healthy older adults meant that we 
would not be able to elicit PL, which occurs in dementia. Instead, we operationalized 
cognitive arousal as a potential mechanism for paradoxical lucidity and used the 
Alternate Uses Task as its measure. Cognitive arousal allows for higher cognitive effort, 
which is demanded by divergent thinking. 
 
Test order was counter-balanced, with half the participants completing the Alternate Uses 
Task in Test Session 1, and the other half completing the Object Association Task. To 
avoid practice effects, two versions of each test were used: one version before listening to 
the playlist, and a different version after listening.  
 
Alternate Uses Task (AUT) 
In one session, they completed the Alternate Uses Task (Guilford, 1967; Madore, Jing, & 
Schacter, 2016) before and after listening. The AUT is a measure of divergent thinking, a 
cognitively effortful activity (Madore et al., 2016). 
 
The AUT was designed to measure divergent thinking, a type of creative thinking that 
relies on fluency and originality (Guilford, 1967; Madore et al., 2015). Participants were 
asked to name as many unusual and creative uses as possible for a common household 
object (ex. a cane, a chair) within 180 seconds. Six objects were presented, one at a time, 
each with ten lines where participants could write an answer (meaning that participants 
could provide up to ten answers). Emphasis was placed on fluency (“try to write out 
every unusual and creative use you can for each object”) and flexibility (“focus on 








Object Association Task (OAT) 
In the other session, they completed the Object Association Task (Abraham et al., 2012; 
Madore, Addis, & Schacter, 2015) before and after listening. The OAT is used here as a 
control task, as it relies less on divergent thinking. Participants were provided with a 
common household object and asked to list as many related objects as they could, up to 
ten responses, taking as much time as they needed. As with the AUT, participants were 
presented with six objects, one at a time, before listening to their music. After listening, 
they were presented with a progression of six different objects.  
 
2.5 Scoring 
Participants’ scores were recorded in Qualtrics and scored by two independent raters. 
Before beginning to score participants’ responses, raters practiced scoring until they 
reached a high degree of inter-rater reliability. Reliability statistics for each task are 
provided below. Statistical analyses were performed with IBM Statistics Package for the 
Social Sciences v.27 (SPSS).  
 
AUT 
In either the first or second testing session, participants responded to the six object cues 
(a complete AUT), listened to music, and then completed the AUT again with six other 
objects. As a result, we were able to compare pre-listening vs. post-listening AUT scores. 
 
The total AUT score is the sum of five sub-scores: fluency (the raw number of answers 
provided on each trial), elaboration (the amount of detail in each use provided for the 
object), appropriateness (the number of actually useful uses provided), flexibility (the 
number of categories the uses provided for an object can be sorted into), and creativity 
(how original and creative the use is) (Madore et al., 2015). Previous studies have used 
the fluency and flexibility scores as analogous to the Object Association Task, since 
fluency is the raw number of responses provided, and the OAT is scored primarily based 
on number of responses, while flexibility also provides a quantitative snapshot of the data 






Raters were in high internal agreement (Cronbach’s α = .87 and .84 for pre- and post-
listening, respectively). Inter-rater reliability was excellent for fluency measures: 
Cronbach’s α = .97 both for pre-listening and post-listening. Inter-rater reliability was 
lower for flexibility, at α = .47 before and .46 after. In order to accurately compare the 
AUT subscores to OAT scores, we converted all three sets of data to z scores. I then 
calculated difference z scores for fluency and flexibility for each participant by 




Participants were scored based on how many objects they listed that were related to the 
object cue. Scoring was based on the total number of responses provided for each object 
cue. Answers were removed if they were not semantically related to the cue or were not a 
physical object. Inter-rater reliability was extremely high for the OAT (Cronbach’s α = 1 
before and after listening to music). As with the AUT, I calculated OAT difference z 






Chapter 3  
3 Results 
Timing Between Sessions 
We planned to send the second survey one week after the participant completed the first 
survey; however, some administrative challenges meant that was not always feasible. The 
second survey was sent out an average of 10 days after the first was completed (median: 
9 days, range: 7-25 days). On average, 15 days elapsed between participants completing 
the first and second surveys (median: 13 days, range: 7-56 days). 
  
Effects of Tempo and Familiarity on AUT Flexibility, Fluency, and OAT Scores 
To determine whether there was an effect of tempo and familiarity on AUT or OAT 
scores, I ran two mixed-measures ANOVAs. Our factors were test (AUT vs. OAT), 
tempo (fast vs. slow) and familiarity (familiar vs. unfamiliar). In the first ANOVA, the 
dependent variables were OAT difference z scores and AUT flexibility difference z 
scores, with test as the within-subjects factor, and tempo and familiarity as between-
subjects factors. The results for flexibility are found in Figure 3. We found no significant 
main effect of test, F(1, 33) = .005, p = .945, nor any significant interactions of test x 
tempo, test x familiarity, or test x tempo x familiarity, p = .523, .878, and .373, 
respectively.  
 
A summary of z scores for AUT fluency and flexibility and OAT by condition is listed in 
Table 1. Tables 2 and 3 provide additional summaries of difference scores for the two 
AUT subscores. The second ANOVA included the OAT difference z scores and AUT 
fluency difference z scores, again with tempo and familiarity as between-subject factors. 
The results for fluency are found in Figure 4. The effects of tempo and familiarity on 
OAT score are found in Figure 5. I found no significant main effect of test, F(1, 33) = 
.004, p = .950, nor any significant interactions of test x tempo, test x familiarity, or test x 
























       
Figure 3. Effects of tempo and familiarity on AUT flexibility. All results n.s. Figure 4. Effects of tempo and familiarity on AUT fluency. All results n.s. 












Mean difference scores for AUT fluency subscore by group 
Group N Fluency difference score 
  Mean SD Range 
Familiar Fast 10 3.30 7.59 -2.5 – 22.0 
Familiar Slow 8 7.00 8.30 -6.00 – 16.50 
Unfamiliar Fast 10 6.12 9.12 -9.00 – 24.24 
Unfamiliar Slow 9 3.78 6.71 -2.50 – 16.50 
 
 
Table 3  
 
Mean difference scores for AUT flexibility subscore by group 
Group N Flexibility difference score 
  Mean SD Range 
Familiar Fast 10 0.38 0.83 -0.83 – 2.32 
Familiar Slow 8 0.31 1.23 -1.17 – 2.39 
Unfamiliar Fast 10 0.02 1.05 -1.56 – 2.11 
Unfamiliar Slow 9 0.43 0.44 0.04 – 1.49 
Group N AUT fluency difference z score AUT flexibility difference z score OAT difference z score 
  Mean SD Range Mean SD Range Mean SD Range 
Familiar Fast 10 -0.22 0.97 -0.96 – 2.18 0.12 0.92 -1.23 – 2.27 0.18 1.34 -1.73 – 2.27 
Familiar Slow 8 0.26 1.06 -1.41 – 1.48 0.03 1.37 -1.61 – 2.35 -0.10 0.83 -1.73 – 1.98 
Unfamiliar Fast 10 0.15 1.17 -1.79 – 2.47 -0.29 1.16 -2.05 – 2.04 0.03 0.59 -0.69 – 1.61 
Unfamiliar Slow 9 -0.15 0.86 -0.96 – 1.48 0.16 0.48 -0.26 – 1.34 -0.15 0.48 -1.58 – 1.09 
 23 
Chapter 4  
4 Discussion 
The purpose of this study was to determine whether a tempo or familiarity increased 
divergent thinking, a cognitively demanding form of creative thinking. We hypothesized 
that familiar music would improve performance on a test of divergent thinking (AUT) 
more than unfamiliar music, that fast music would improve performance on divergent 
thinking test scores more than slow music, and that familiar music would have a 
significantly larger positive effect on scores than fast music. In contrast, we did not 
expect familiarity or tempo to have a significant effect on OAT test scores (control 
condition).  
 
It is possible that paradoxical lucidity, a phenomenon in which people with dementia 
experience a sudden increase in cognitive function, is the product of increased cognitive 
arousal. Since divergent thinking appears from previous work to reflect increased 
cognitive arousal (Madore et al., 2019), I measured participants’ scores on a divergent 
thinking task before and after listening to music that was either familiar and fast, familiar 
and slow, unfamiliar and fast, or unfamiliar and slow. This was done in order to 
understand which musical element – tempo or familiarity – better supported participants’ 
ability to exert great cognitive effort. I found no significant effects of tempo or familiarity 
on scores before versus after listening to music. I also did not find a significant 




I expected that participants who listened to familiar music would improve on the 
Alternate Uses Task (AUT), a demanding cognitive task, significantly more than those 
who listened to unfamiliar music. I expected to find a positive interaction between AUT 
and Object Association Task (OAT) score differences, where AUT scores would be 
significantly improved after listening to familiar music compared to OAT scores. Since 
the OAT was our control measure, I did not expect any significant change in OAT scores 





AUT scores improved after participants participated in episodic specificity inductions – 
interventions requiring participants to generate a highly detailed memory of an event they 
witnessed (Madore et al., 2014; Madore et al., 2015; Madore et al., 2016). Music may 
operate as a type of naturalistic episodic specificity induction, as listening may evoke 
extensive autobiographical memories (Janata et al., 2009). As a result, I expected that 
listening to familiar music would significantly improve AUT scores. However, it is 
possible that there were too few overall participants in the study to find significant 
results. Studies by Madore and colleagues mentioned above generally had close to forty 
participants, as in this study; however, in those studies, participants were divided into two 
groups instead of four. It is possible that there were too few participants in each condition 
to reliably detect an effect, a general limitation of this study.  
 
The “familiar” music played for each participant may not have been entirely familiar. 
Songs were chosen based on participants’ self-reports: in the prescreening survey, 
participants were asked to provide their favourite artists, genres, musical eras, and the 
musicians and songs they listened to when they were between the ages of 10 and 30 years 
old. Most participants did not provide a list of songs lasting 25 minutes, meaning that it 
was necessary to interpolate much of each participant’s playlist. This was done by adding 
songs from the same genres, eras, and artists that participants listed as being familiar; 
however, these specific songs were not listed as familiar. As a result, it is possible that a 
proportion of the “familiar” music assigned to those in the Familiar Fast and Familiar 
Slow groups were not familiar to the listener. This could have reduced any effect of 
familiarity. In future, it would be necessary to have participants list 25 minutes’ worth of 
music from their reminiscence bump to use for those in the familiar conditions.  
 
Likewise, participants in the unfamiliar conditions were assigned music that was different 
from the songs they listed as familiar in their prescreening surveys. However, participants 
may not have listed all their preferred musicians, genres, and eras in the survey, and some 
of the songs they listened to may have been familiar, further blurring the distinction 
amongst familiar and unfamiliar conditions. In future, it might be useful to use newly 





with their playlists. We chose to use one participant’s familiar music as another 
participant’s unfamiliar music in order to reduce any musical confounds; however, newly 
composed music might be more trustworthy as a source of unfamiliar music. 
 
Hypothesis 2 
I predicted that participants who listened to fast music would improve their scores 
significantly more than those who listened to slow music. I expected to find a positive 
interaction between Alternate Uses Task and Object Association Task score differences, 
where AUT scores would be significantly improved after listening to fast music 
compared to OAT scores. Since the OAT was our control measure, I did not expect any 
significant change in OAT scores before versus after listening to music, and no changes 
were found. We did not find any evidence to support this conclusion, as there was no 
significant difference between participants who listened to fast versus slow music when 
comparing their AUT scores before versus after listening to music. This is in contrast to 
the episodic specificity studies by Madore and colleagues (2014; 2015; 2016), based on 
the supposition that music can act as a form of naturalistic episodic specificity induction. 
As previously noted, the lack of significant results may have occurred because there were 
too few participants in each condition, leaving the experiment underpowered. It is 
unlikely that there was a lack of differentiation between fast and slow music, since the 
beats-per-minute (bpm) requirements for fast versus slow were so different. However, it 
is nonetheless possible that the there was too little perceived difference between fast and 
slow music, reducing the effect of tempo. It might be useful in future to further separate 
the highest possible bpm for slow music and the lowest possible bpm for fast music.  
 
Hypothesis 3 
I expected that familiar music would significantly improve scores to a greater degree than 
fast music. I expected to find a positive interaction between Alternate Uses Task and 
Object Association Task score differences, where AUT scores would be significantly 
improved after listening to familiar music compared to OAT scores. I also expected to 
find that AUT scores would be significantly improved after listening to fast music 





smaller than the improvement in familiar scores, and the interaction between AUT and 
OAT scores would be smaller. Since the OAT was our control measure, I did not expect 
any significant change in OAT scores before versus after listening to music, and no 
changes were found. Although fast music is more cognitively arousing (Husain et al., 
2002), which could enable participants to exert more effort on the cognitively demanding 
AUT, I expected that the highly salient autobiographical memories elicited by familiar 
music would result greater cognitive arousal and subsequent greater improvement on the 
AUT. My results did not support this hypothesis, as we found no difference in scores 
before versus after listening to familiar music versus fast music. If fast music, but not 
familiar music, had improved scores, this would have supported the conclusion that 
tempo affects cognitive arousal – and thus capacity for cognitive effort – more than 
familiarity. However, there was also no evidence to support this conclusion. I did not 
expect a difference in OAT scores before vs. after listening, and this was borne out in the 
results. 
 
It is likely that the reasons listed above for a lack of difference for familiar versus 
unfamiliar and fast versus slow also affected comparisons between familiar versus fast 
conditions. Addressing those concerns might clear a path to comparing the cognitive 
impact of these musical elements.   
 
Possible limitations and next steps 
It is possible that the central suppositions of the study were flawed. Music may not 
operate as a naturalistic episodic specificity induction, as this has not been verified in the 
existing literature. We did not ask participants to report whether listening to music caused 
them to recall episodic memories, and were therefore unable to determine whether 
participants in familiar conditions recalled more episodic memories than those in the 
unfamiliar conditions. It would be reasonable to expect that those participants who 
recalled more episodic memories would perform better on a measure of divergent 
thinking, as the traditional episodic memory induction requires participants to recall as 
many episodic memories as possible (Madore et al., 2016). Likewise, the link between 





to perform this study as an in-person experiment and to include pupillometry as a 
measure of arousal to better understand the relationship between arousal and divergent 
thinking. However, the onset of the COVID-19 pandemic made this impossible and 
necessitated a move to our completely virtual protocol. In future, it would be useful to 
establish a concrete connection between arousal and divergent thinking using 
pupillometry. 
 
The most important limitation of this study was the number of participants: while the 
overall n was similar to previous studies studying episodic specificity inductions with 
adequate power (ex. Madore et al., 2016), we divided participants into more groups and 
so had fewer participants per condition. A subsequent equivalence test using the TOST 
paired-samples t-test on jamovi (v1.6, 2021) found no evidence of between-group 
equivalence, suggesting significant results may be found in a larger sample. However, 
that is beyond the scope of the current thesis.  
 
Implications and applications 
Our results were collected from cognitively unimpaired, English-speaking Canadian older 
adults. As such, they are not universally generalizable to older adult populations.  
 
If we had found significant effects, it would have provided additional information to 
better understand the phenomenon of paradoxical lucidity. Music is known to elicit PL in 
some individuals with dementia, and understanding what elements of music increase 
cognitive arousal the most would be useful for clinicians and researchers. However, as we 
did not find evidence for familiarity or tempo improving performance on a highly 
demanding cognitive task, it is possible that something else about music enables it to 
elicit PL. Future studies could explore other musical elements, such as the presence of 
sung lyrics or emotionality, to determine whether these have any effect on cognitive 
arousal and performance. If so, this information will be useful not only to researchers of 
PL, but also to music therapists and caregivers of people with dementia. Even if listening 





perform well on highly demanding cognitive tasks, it is possible that listeners with 
dementia could benefit cognitively from the right musical element(s). 
 
Overall conclusions 
While I did not find any significant effect of familiarity or tempo on divergent thinking, 
this thesis provides a framework for studying music’s effects on paradoxical lucidity. The 
episodic specificity induction framework pioneered by Madore and colleagues will give 
future researchers a paradigm for exploring music’s effects on cognition. Increasing the 
number of participants in a similar protocol may yield useful information about which 
musical elements are most important in increasing cognitive performance on a high-
demand task, and could provide additional much-needed knowledge about the 
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Thank you for participating in our survey. Please fill in your participant code below. Your code can be found in the 
email you were sent that contained the link to this survey. 
Please complete the following tasks as accurately as possible.
1st part of AUT
In this part of the experiment you are going to see 6 different object cues. Each object cue
has a common use. Your task will be to list as many other uses for the object cue as you
can. Focus on generating unusual and creative uses for the object cue. For example, if the
object cue were “key”, focus on generating uses other than “unlocking doors”. Try to write
out every unusual and creative use you can for each object cue. This isn't a test, and there
are no right or wrong answers, so be as creative as you can. You will have 3 minutes for
each object cue. 
BUTTON
 Task: Imagine unusual and creative uses for this object
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
GARDEN HOSE
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
CANE
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
LAMP









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
RUBBER BAND
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
CHAIR
 Task: Imagine unusual and creative uses for this object
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text

















































































2nd part of AUT
Again, in this part of the experiment you are going to see 6 different object cues. Each
object cue has a common use. Your task will be to list as many other uses for the object
cue as you can. Focus on generating unusual and creative uses for the object cue. For
example, if the object cue were “key”, focus on generating uses other than “unlocking
doors”. Try to write out every unusual and creative use you can for each object cue. This
isn't a test, and there are no right or wrong answers, so be as creative as you can. You will
have 3 minutes for each object cue. 
NEWSPAPER
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
   









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
PAPER CLIP
 Task: Imagine unusual and creative uses for this object









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
NAIL
Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
PILLOW
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text










 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
BUCKET
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text










Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Outro










Thank you for participating in our survey. Please write your participant code here. Your code can be 
found in the email we sent you that also contained the link to this survey.
Please complete the following tasks at your own speed and as
accurately as possible. 
1st part of OAT
“In this part of the experiment you are going to see 6 different
object cues. Each object cue has a common use. Your task will
be to list as many other objects that are associated with the
object cue as you can. Focus on generating objects that are
typically associated with the object cue. For example, if the
object cue were “pencil case”, focus on generating objects like
“pencil”, “paper”, “desk”, and so on. Try to list every typical
association you can for each object cue. For each cue there is
no time limit. That means you should take your time with each
cue and really exhaust your ideas. Most people will spend several
minutes at least on each cue. When you feel like you are done
with the cue, you should press the space bar to go on to the next
one. 
BED SHEET









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
UMBRELLA
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
BRICK  
Task: Imagine unusual and creative uses for this object
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
WATCH
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
COAT HANGER
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
COIN









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
















































































song to you? (A song is meaningful if you feel a strong personal connection to it.)
2nd part of OAT
Again, in this part of the experiment you are going to see 6 different object cues. Each
object cue has a common use. Your task will be to list as many other uses for the object
cue as you can. Focus on generating unusual and creative uses for the object cue. For
example, if the object cue were “key”, focus on generating uses other than “unlocking
doors”. Try to write out every unusual and creative use you can for each object cue. This
isn't a test, and there are no right or wrong answers, so be as creative as you can. You will
have 3 minutes for each object cue. 
MILK CARTON
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Completely
meaningless Meaningful Extremely meaningful
   









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
KNIFE









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
CHAIR
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
CORK
 Task: Imagine unusual and creative uses for this object
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text










 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
PENCIL
 Task: Imagine unusual and creative uses for this object
Click to write the question text
Click to write the question text









Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Click to write the question text
Outro





Appendix E – Sample Personalized Playlists 
 








































































3/B0XVLFB$87B7HVWLQJB6HVVLRQB6FULSW 3URWRFRO -DQ 
3/B0XVLFB2$7B7HVWLQJB6HVVLRQB6FULSW 3URWRFRO -DQ 
BBB-RKQVUXGHB 5HFUXLWPHQW0DWHULDOV $SU 
3/B0XVLFB7,&6B7HVW 2QOLQH6XUYH\ 0D\ 
3/B0XVLFB3RVW6XUYH\(PDLOB,QHOLJLEOHB9 5HFUXLWPHQW0DWHULDOV 0D\ 
3/B0XVLFB7HVWLQJB6XUYH\B2$7B9 2QOLQH6XUYH\ 0D\ 
3/B0XVLFB7HVWLQJB6XUYH\B$87B9 2QOLQH6XUYH\ 0D\ 
3/B0XVLFB3UHVFUHHQLQJB,Q3HUVRQB9 2QOLQH6XUYH\ 0D\ 
3/B0XVLFB5HFUXLWPHQWB3RVWHUB9 5HFUXLWPHQW0DWHULDOV 0D\ 
3/B0XVLFB1HZVSDSHUB$GB9 5HFUXLWPHQW0DWHULDOV 0D\ 
3/B0XVLFB3UHVFUHHQLQJB2QOLQHB9 2QOLQH6XUYH\ 0D\ 












3/B0XVLFB'HEULHILQJB)RUPB2QOLQHB9 'HEULHILQJGRFXPHQW -XQ 
3/B0XVLFB'HEULHILQJB)RUPB,Q3HUVRQB9 'HEULHILQJGRFXPHQW -XQ 
3/B0XVLFB3URWRFROBY 3URWRFRO -XQ 
3/B0XVLFB/2,B2QOLQHB9 ,PSOLHG&RQVHQW$VVHQW -XQ 
3/B0XVLFB/2,B,QB3HUVRQB9 ,PSOLHG&RQVHQW$VVHQW -XQ 
'RFXPHQWV$FNQRZOHGJHG
'RFXPHQW1DPH 'RFXPHQW7\SH 'RFXPHQW'DWH 'RFXPHQW9HUVLRQ
3/B0XVLFB6XSSOHPHQWDU\B3URFHGXUHV 6XSSOHPHQWDU\7DEOHV)LJXUHV $SU 
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